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© A plasma generating apparatus includes a vacu- 
um chamber (1), an inductive-coupling coil (2) 
wound around the vacuum chamber, a pair of par- 
allel-planar electrodes (3, 4), each of which electrode 
has a center on a central axis of the inductive- 
coupling coil within the vacuum chamber, and is 
disposed vertically against the central axis, a radio- 
frequency power supply (6), and a radio-frequency 
matching circuit (5) coupled to the radio-frequency 
power supply. The radio-frequency matching circuit 
is coupled to at least one of the inductive-coupling 
coil and the pair of parallel-planar electrodes. The 
pair of parallel-planar electrodes and the inductive- 
coupling coil driven by the radio-frequency power 
supply carry out capacitive-coupling and inductive- 
coupling so as to be associated with each other, so 
that capacitively-coupled plasma and inductively- 
coupled plasma are generated within the vacuum 
chamber. 



FIG. 1 
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BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention generally relates to a 
plasnna generating apparatus and method, and 
more particularly, to a plasma generating apparatus 
and method which can be suitably applied to semi- 
conductor process technologies. 

In recent semiconductor process technologies 
using a plasma generator, there is a need for 
plasma etching under a high-vacuum condition, 
namely anisotropic etching capable of establishing 
a fine structure in semiconductor devices. How- 
ever, as the degree of vacuum becomes higher, it 
becomes more difficult to generate high-density 
plasma. For generating a stable and high-density 
plasma, an auxiliary apparatus generating a mag- 
netic field is required in addition to a plasma 
source. Such an additional apparatus may cause 
complexity of the plasma generator, and may in- 
crease the cost of the plasma generator. Thus, the 
semiconductor devices manufactured by using the 
above generator may be very expensive. 

On the other hand, as a wafer size is in- 
creased, a larger volume of a plasma generator 
chamber is required. However, in such a large- 
volume chamber, power supplied to the plasma is 
dropped by reflection, etc.. caused by the plasma 
generating process, whereby the plasma imme- 
diately dies out. Therefore, it is hard to generate 
uniform and stable, high-density plasma throughout 
the large volume of the chamber. Thus, it is de- 
sired to realize a superior plasma generator which 
can easily generate and maintain uniform and high- 
density plasma throughout the large volume of the 
chamber under the high-vacuum condition. 

2. Description of the Prior Art 

Conventionally, there are two major methods 
for plasma generation: 1) a capacitive-coupling 
method (RIB); and 2) an inductive-coupling method 
(ICP. etc.). 

In the capacitive-coupling method, an electric 
field generated between electrodes enables supe- 
rior uniformity of plasma density within a generator 
chamber. Thus, this method is suitable for an- 
isotropic etching. However, in order to generate 
stable, high-density plasma under a high-vacuum 
condition with a larger-sized wafer and a larger- 
volume chamber, a significantly high voltage needs 
to be maintained across the electrodes. Therefore, 
dropping of power supplied to the plasma, which is 
caused by reflection, etc., during processing, 
causes the plasma to immediately die out. Thus, a 
high-power RF (radio frequency) power supply is 
required. To satisfy this requirement, heat sink 



control for external devices and reinforcement for 
generator construction are necessary, and thus the 
total cost of the plasma generator may increase. 
On the other hand, the inductive-coupling 
5 method enables generation of relatively-high-den- 
sity plasma. However, the power is supplied to the 
plasma from a coil (antenna) wound around the 
generator chamber, so that the plasma density in 
an outer part of the chamber is different from that 

10 in an inner part thereof and the generated plasma 
does not have a direction applicable to anisotropic 
etching. Therefore, another bias power supply, in 
addition to a power supply supplying the above- 
mentioned power to the plasma from the coil, is 

15 needed to obtain uniform plasma density through- 
out the large volume of the chamber and to orient 
the plasma stream in a desired direction. Further- 
more, a control operation is needed to control 
phases of signals from the power supply for gen- 

20 erating the plasma and the additional bias power 
supply. As a result, the above may cause control- 
ling methods and configuration of the plasma gen- 
erator to be complex, and thus a complicated op- 
eration on a variety of parameters is needed to 

25 supply stable plasma. 

In the case of generating plasma by the ca- 
pacitive-coupling method, the plasma thus gen- 
erated has a good uniformity and is suitable for the 
anisotropic etching. However, when processing with 

30 a larger-sized wafer and a larger-volume chamber, 
there is a disadvantage in that it is difficult to 
generate and maintain stable, high-density plasma 
under the high-vacuum condition. 

In the case of generating plasma by the induc- 

35 tive-coupling method, the plasma thus generated 
has an advantage of having a relatively high den- 
sity. However, there are disadvantages in that the 
plasma is not uniform and the direction of the 
plasma stream is uncontrollable. Furthermore, in 

40 order to generate the plasma having both uniform- 
ity and direction throughout the large-volume 
chamber, it is necessary to install the coil and an 
external device such as the bias power supply. 

45 SUMMARY OF THE INVENTION 

It is an object of this invention to provide a 
plasma generating apparatus and method which 
generate and maintain high-density plasma with 
50 uniformity suitable for anisotropic etching under a 
high-vacuum condition, in which the disadvantages 
described above are eliminated. 

A more specific object of the present invention 
is to simplify construction of the plasma generator 
55 and to reduce its cost and its power consumption. 

The above objects are achieved by a plasma 
generating apparatus comprising a vacuum cham- 
ber, an inductive-coupling coil wound around said 
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vacuum chamber, a pair of parallel-planar elec- 
trodes, each of which electrodes has a center on a 
central axis of said inductive-coupling coil within 
the vacuum chamber, and is disposed vertically 
against the central axis, a radio-frequency power 5 
supply, a radio-frequency matching circuit coupled 
to said radio-frequency power supply, wherein said 
radio-frequency matching circuit is coupled to at 
least one of the inductive-coupling coil and the pair 
of parailel-planar electrodes, said pair of parallel- io 
planar electrodes and said inductive-coupling coil 
driven by the radio-frequency power supply carry 
out capacitive-coupling and inductive-coupling so 
as to be associated with each other, so that capaci- 
tively-coupled plasma and inductively-coupled 75 
plasma are generated within the vacuum chamber. 

The objects described above are also achieved 
by a plasma generating method comprising a step 
of carrying out capacitive-coupling and inductive- 
coupling so as to be associated with each other by 20 
means of a pair of parallel-planar electrodes and an 
inductive-coupling coil, respectively, so that capaci- 
tively-coupled plasma and inductively-coupled 
plasma are generated within a vacuum chamber. 

According to the plasma generating apparatus 25 
and method mentioned above, the pair of parallel- 
planar electrodes and the inductive-coupling coil 
carry out capacitive-coupling and inductive-cou- 
pling so as to be associated with each other, so 
that capacitively-coupled plasma and inductively- 30 
coupled plasma are generated within the vacuum 
chamber. In this operation, a magnetic field gen- 
erated by the inductive-coupling coil and an elec- 
tric field generated by the pair of parallel-planar 
electrodes are in the same position, and have the 35 
same operation cycle, so that energy streams into 
the plasma are always oriented to the same direc- 
tion to supply stable plasma. 

Thus, a plasma generator according to this 
invention, which has a simple configuration, can 4o 
easily generate and maintain uniform and stable, 
high-density plasma throughout a large-volume 
chamber under a high-vacuum condition. 

Other objects and further features of the 
present invention will be apparent from the follow- 45 
ing detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

FIG. 1 is a block diagram showing a first em- 
bodiment of a plasma generator according to 
the present invention; 

FIG. 2 is a perspective illustration showing an 
electrode part of the first embodiment; 55 
FIG. 3 is a perspective illustration showing the 
overall configuration of the first embodiment; 



BNSOOCID: <EP_0658073A1 J_> 



FIG. 4 is an equivalent circuit of the first em- 
bodiment; 

FIG. 5 is a block diagram showing a second 
embodiment of a plasma generator according to 
the present invention; 

FIG. 6 is an equivalent circuit of the second 
embodiment: 

FIG. 7 is a block diagram of a third embodiment 
of a plasma generator according to the present 
invention; and 

FIG. 8 is an equivalent circuit of the third em- 
bodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First, a description will be given of a first em- 
bodiment of a plasma generator according to the 
present invention, by referring to FIGS. 1 to 4. FIG. 
1 shows a block diagram of the first embodiment. 
FIG. 2 shows a perspective illustration of an elec- 
trode part of the first embodiment. FIG. 3 shows a 
perspective illustration of the overall configuration 
of the first embodiment, and FIG. 4 shows an 
equivalent circuit of the first embodiment. 

As shown in FIG. 1 and FIG. 3, the plasma 
generator includes a vacuum chamber 1 construct- 
ed of cylindrical quartz, an inductive-coupling coil 
2, a planar electrode 3, an opposite electrode 4, a 
radio-frequency matching circuit 5, a radio-frequen- 
cy power supply 6. a gas-injection gate 7. and a 
gas-exhaust gate 8. The planar electrode 3 is in- 
stalled for capacitive-coupling, uniform distribution 
of plasma, and adjustment of plasma stream direc- 
tion. 

As shown in FIG. 2, the opposite electrode 4 is 
disposed on the opposite side of the vacuum 
chamber 1 as the planar electrode 3, the inductive- 
coupling coil 2 is wound around the vacuum cham- 
ber 1 . In other words, each electrode of the pair of 
parallel-planar electrodes 3, 4 has a center on a 
central axis of the inductive-coupling coil 2 within 
the vacuum chamber 1, and is disposed vertically 
against the central axis. As shown in FIG. 1, a 
wafer 9 for an etching process is positioned on the 
planar electrode 3, which is also used as a wafer 
stage in the vacuum chamber 1. 

As shown in FIG. 3, the vacuum chamber 1 
can be made airtight by shutting lids 11-1, 11-2. 
When opening the lid 11-2, the wafer 9 can be set 
on the planar electrode 3. Gases for processing are 
led to the vacuum chamber 1 through the gas- 
injection gate 7. The gas-exhaust gate 8 is con- 
nected to an exhaust pump (a vacuum pump) 10. 
The radio-frequency matching circuit 5 is coupled 
by way of an RF (radio frequency) planar lead 12 
to the inductive-coupling coil 2, and the inductive- 
coupling coil 2 is coupled by way of the RF planar 
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lead 12 to the planar electrode 3. The planar elec- 
trode 3 Is insulated, and the opposite electrode 4 
and the radio-frequency power supply 6 are 
grounded, respectively. 

In this embodinnent, the inductive-coupling coil 

2, the planar electrode 3, and the opposite elec- 
trode 4 are coupled in series to the radio-frequency 
matching circuit 5. Therefore, an equivalent circuit 
of this embodiment is shown in FIG. 4. In this 
figure, the radio-frequency power supply 6, the 
radio-frequency matching circuit 5, and a load L 
encompassed by the block shown in dotted lines 
are coupled in series, where the load L includes 
the inductive-coupling coil 2, the planar electrode 

3, and the opposite electrode 4. Series resonance 
on these elements enables supplying power to the 
plasma. Thus, capacitively-coupled plasma and in- 
ductively-coupled plasma are simultaneously gen- 
erated, so that an etching process for the wafer 9 
on the planar electrode 3 is carried out by the 
generated plasma. 

In such configuration of a series coupling, im- 
pedance of the load L is decreased by the series 
resonance of the inductive-coupling coil 2, the 
planar electrode 3, and the opposite electrode 4. 
Therefore, an amount of current through the induc- 
tive-coupling coil 2 is increased, and a magnetic 
field across the inductive-coupling coil 2 becomes 
strong, thus the inductively-coupled plasma may 
be generated by the inductive-coupling coil 2. 

At the same time, the capacitively-coupled 
plasma may be generated by the planar electrode 
3 and the opposite electrode 4. In this plasma 
generating process, an electric field is generated 
along the central axis of the inductive-coupling coil 
2, so that distribution of the inductively-coupled 
plasma may be uniform and directions of plasma 
streams may be adjusted to one desired direction. 

Furthermore, the magnetic field generated by 
the inductive-coupling coil 2 and the electric field 
generated by the planar electrode 3 and the op- 
posite electrode 4, are generated in the same posi- 
tion, and have the same operating cycle, so that 
energy streams into the plasma are always ori- 
ented to the same direction S to supply stable 
plasma. In this operation, an equation. S = ExH, is 
obtainable, where S is Pointing vector representing 
the direction of the energy streams, H and E repre- 
sent, respectively the magnetic field and the elec- 
tric field mentioned above. 

Next, a description will be given of a second 
embodiment of the plasma generator according to 
the present invention, by referring to FIG. 5 and 
FIG. 6. FIG. 5 shows a block diagram of the sec- 
ond embodiment, and FIG. 6 shows an equivalent 
circuit of the second embodiment. In FIG. 5 and 
FIG. 6, those parts which are the same as those 
corresponding to parts in FIGS. 1 to 4 are des- 
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ignated by the same reference numerals, and a 
description thereof will be omitted. 

In this embodiment shown in FIG. 5, the wafer 
9 is positioned on the opposite electrode 4 which is 

5 also used as the wafer stage. In FIG. 5 and FIG. 6, 
the opposite electrode 4, the planar electrode 3, 
and the inductive-coupling coil 2 are coupled in 
series to the radio-frequency matching circuit 5 
similarly to the first embodiment. However, in the 

10 second embodiment, an end of the inductive-cou- 
pling coil 2 is grounded and the opposite electrode 
4 and the planar electrode 3 are insulated, respec- 
tively. In this operation, by the same operation 
principle as mentioned above in the first embodi- 

75 ment description, capacitively-coupled plasma and 
inductively-coupled plasma are simultaneously 
generated, so that an etching process for the wafer 
9 on the opposite electrode 4 is carried out by the 
generated plasma. 

20 Next, a description will be given of a third 

embodiment of the plasma generator according to 
the present invention, by referring to FIG. 7 and 
FIG. 8. FIG. 7 shows a block diagram of the third 
embodiment, and FIG. 8 shows an equivalent cir- 

25 cuit of the third embodiment. In FIG. 7 and FIG. 8, 
those parts which are the same as those cor- 
responding parts in FIGS. 1 to 4 are designated by 
the same reference numerals, and a description 
thereof will be omitted. 

30 In this embodiment shown in FIG. 7 and FIG. 8, 

the pair of the planar electrode 3 and the opposite 
electrode 4, and the inductive-coupling coil 2 are 
coupled in parallel to the radio-frequency matching 
circuit 5, while an end of the inductive-coupling coil 

35 2 and the opposite electrode 4 are grounded. In 
this operation, parallel resonance, which is caused 
between the planar and opposite electrodes 3, 4 
and the inductive-coupling coil 2, enables sup- 
plying power to plasma. The power from either the 

40 inductive-coupling coil 2 or the planar electrode 3, 
may be supplied to the plasma with keeping bal- 
ance of these two elements by the plasma itself. 
Thus, capacitively-coupled plasma and inductively- 
coupled plasma are simultaneously generated, and 

45 an etching process is carried out for the wafer 9 on 
the planar electrode 3. 

By using the parallel coupling mentioned 
above, even though a large volume of the vacuum 
chamber 1 imposes a condition that it is hard to 

50 generate the capacitively-coupled plasma from the 
planar and the opposite electrodes 3, 4. the induc- 
tively-coupled plasma generated by the inductive- 
coupling coil 2 enables stable plasma generation 
from the planar electrode 3. Therefore, it is easy to 

55 generate and maintain the capacitively-coupled 
plasma with relatively-low power, and the above 
enables uniform distribution of the inductively- 
coupled plasma and adjustment of plasma stream 

4 
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direction. 

Furthermore, in this embodiment, the planar 
electrode 3 is coupled in parallel to the inductive- 
coupling coil 2, so that the plasma itself can select 
a power supplying source. Similarly to using the 
series coupling, stable plasma is obtainable by 
orienting energy streams to the plasma in one 
direction. 

In these embodiments mentioned above, a 
condition and characteristics of the plasma are 
controllable by way of winding for the inductive- 
coupling coil 2 such as a number of turns, clock- 
wise or counter-clockwise. 

According to the present invention, a pair of 
planar electrodes and an inductive-coupling coil 
simultaneously carry out capacitive-coupling and 
inductive-coupling, respectively, and generate ca- 
pacitively-coupled plasma and inductively-coupled 
plasma within a vacuum chamber. Therefore, a 
magnetic field generated by the inductive-coupling 
coil and an electric field generated by the pair of 
the planar electrodes are in the same position, and 
have the same operation cycle. Furthermore, en- 
ergy streams to the plasma are always oriented in 
one direction. Thus, even under a high-vacuum 
condition, it may be relatively easy to generate and 
maintain uniform, stable, and high-density plasma. 
In addition, power supply to the plasma (for gen- 
erating and maintaining the plasma), uniformity and 
direction are controllable by one electrode, so that 
only one radio-frequency power supply is required 
for electrical control of the plasma such as control 
of a magnetic field and an electric field. As a result, 
complicated parameters and external devices are 
unnecessary, and a plasma generator can be con- 
structed with low cost, and thus, great conve- 
nience. 

Further, the present invention is not limited to 
these embodiments, but various variations and 
modifications may be made without departing from 
the scope of the present invention. 

Claims 

1. A plasma generating apparatus comprising: 

a vacuum chamber (1); 

an inductive-coupling coil (2) wound ar- 
ound said vacuum chamber; 

a pair of parallel-planar electrodes (3, 4), 
each of which electrode has a center on a 
central axis of said inductive-coupling coil with- 
in the vacuum chamber, and is disposed verti- 
cally against the central axis; 

a radio-frequency power supply (6); and 

a radio-frequency matching circuit (5) 
coupled to said radio-frequency power supply; 

wherein: 

said radio-frequency matching circuit is 



coupled to at least one of the inductive-cou- 
pling coil and the pair of parallel-planar elec- 
trodes; and 

said pair of parallel-planar electrodes and 

5 said inductive-coupling coil driven by the ra- 

dio-frequency power supply carry out capaci- 
tive-coupling and inductive-coupling so as to 
be associated with each other, so that capaci- 
tively-coupled plasma and inductively-coupled 

10 plasma are generated within the vacuum 

chamber. 

2. The plasma generating apparatus as claimed 
in claim 1, characterized in that said pair of 

75 parallel-planar electrodes (3. 4) and said induc- 

tive-coupling coil (2) are coupled in series to 
said radio-frequency matching circuit (5). 

3. The plasma generating apparatus as claimed 
20 in claim 2, characterized in that: 

said pair of parallel-planar electrodes (3, 4) 
includes first and second electrodes (4, 3); 

said first electrode (4) and said radio-fre- 
quency power supply (6) are grounded; 
25 an end of said inductive-coupling coil (5) is 

coupled to said radio-frequency matching cir- 
cuit; 

the other end of the coil is coupled to said 
second electrode (3); and 
30 a substrate (9) for plasma processing is 

positioned on the second electrode. 

4. The plasma generating apparatus as claimed 
in claim 2, characterized in that: 

35 said pair of parallel-planar electrodes (3, 4) 

includes first and second electrodes (4, 3); 

said first electrode (4) is coupled to said 
radio-frequency matching circuit (5); 

said second electrode (3) is coupled to an 
40 end of said inductive-coupling coil (2); 

the other end of the coil (2) and said radio- 
frequency power supply (6) are grounded; and 
a substrate (9) for plasma processing is 
positioned on the first electrode. 

45 

5. The plasma generating apparatus as claimed 
in claim 1, characterized in that said pair of 
parallel-planar electrodes (3, 4) and said induc- 
tive-coupling coil (2) are coupled in parallel to 

50 said radio-frequency matching circuit. 

6. The plasma generating apparatus as claimed 
in claim 5, characterized in that: 

said pair of parallel-planar electrodes (3, 4) 
65 includes first and second electrodes (4, 3); 

said first electrode (4), an end of said 
inductive-coupling coil (2), and said radio-fre- 
quency power supply (6) are grounded; 



5 
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the other end of said inductive-coupling 
coil (2) is coupled to said radio-frequency 
matching circuit (5) and to said second elec- 
trode (3); and 

a substrate (9) for plasma processing is 5 
positioned on the second electrode (3). 

7. The plasma generating apparatus as claimed 
in claim 1, characterized In that a condition 

and characteristics of the generated plasma io 
are controllable by way of a winding of the 
inductive-coupling coil (2) such as a number of 
turns, clockwise or counter-clockwise. 

8. The plasma generating apparatus as claimed 75 
in claim 2, characterized in that a condition 

and characteristics of the generated plasma 
are controllable by way of a winding of the 
inductive-coupling coil (2) such as a number of 
turns, clockwise or counter-clockwise. 20 



same position, and have a same operation 
cycle. 

14. A plasma generating apparatus comprising: 

a vacuum chamber (1); 

a load circuit having an inductive-coupling 
coil (2) and a pair of planar electrodes (3, 4) 
provided to said vacuum chamber; and 

power supply means (5, 6), coupled to 
said load circuit, for supplying a radio fre- 
quency power to said load circuit so that the 
inductive-coupling coil and the pair of planar 
electrodes carry out capacitive-coupling and 
inductive-coupling so as to be associated with 
each other, whereby inductively-coupled plas- 
ma and capacitively-coupled plasma are gen- 
erated within the vacuum chamber. 



9. The plasma generating apparatus as claimed 
in claim 5, characterized in that a condition 
and characteristics of the generated plasma 
are controllable by way of a winding of the 25 
inductive-coupling coil (2) such as a number of 
turns, clockwise or counter-clockwise. 



10. A plasma generating method comprising a 

step of carrying out capacitive-coupling and 30 
inductive-coupling so as to be associated with 
each other by means of a pair of parallel- 
planar electrodes (3. 4) and an inductive-cou- 
pling coil (2), respectively, so that capacitively- 
coupled plasma and inductively-coupled plas- 35 
ma are generated within a vacuum chamber 
0)- 



11. The plasma generating method as claimed in 
claim 10. characterized in that a condition and 40 
characteristics of the generated plasma are 
controllable by way of a winding of the induc- 
tive-coupling coil (2) such as a number of 
turns, clockwise or counter-clockwise. 

45 

12. The plasma generating method as claimed in 
claim 10, characterized in that a magnetic field 
generated by the inductive-coupling coil (2) 
and an electric field generated by the pair of 

the parallel-planar electrodes (3, 4) are in a so 
same position, and have a same operation 
cycle. 



13. The plasma generating method as claimed in 

claim 1 1 , characterized in that a magnetic field 55 
generated by the inductive-coupling coil (2) 
and an electric field generated by the pair of 
the parallel-planar electrodes (3, 4) are in a 



6 
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